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(54) ELECTRIC POWER STEERING APPARATUS FOR VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To maintain a steering 
feeling of a driver excellent without unnecessarily 
deteriorating a follow-up performance of a motor with 
respect to a control command value determined in 
accordance with a rotating operation of a steering wheel. 
SOLUTION: A brushless motor 1 1 is controlled in 
accordance with a steering torque detected by a steering 
torque sensor 15. A sensitive region determination part 31 
determines whether or not a running condition of a 
vehicle belongs to a sensitive region (a region in which 
the running condition is high speed running and in a low 
steering speed time, and a driver feels a steering feeling 
sensitively) based on a vehicle speed and a steering 
speed. Based on the determination result, a modification 
of a control mode of the brushless motor 1 1, such as, the 
change of a control gain, or the changing over of a 
presence or an absence of correction by a non-interacting control correction value or a 
pulsation torque correction value, is carried out. 
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(57) 

>1M 5i:J:otftai*iifc!»fth^^l!:Jt£fCt^ 




ffiE44J£#ft£ J: SWjeioS UTME*— 

mtyj — v^r&tsimz&czmt&xib?)* utiles 

[»**3] «ria»*3«1XW:2lc1B«Lfc*lW«>««i 

s<y-**rr y >^3S«j:*5i*-c, BUE»J»ffi«£je 5 £ 
-^f7 y ^ymm 0 

■cfc5$Pico»^-^f7 y y^gio 

-f 6 Mtb h * MIMIC J: $ ffilE <D ^ftiWi - 6 fc o 
[000 1] 

[0 0 0 2] 

3 2 9 7 9 9^«fC^£*VO>£<fc 9 Mktt^^ K 

te&tfcau fflEftda^nfcwsfi*— ^oft»jRiBS:7 

-r- K'<:/* LTlBtt^E—^of^ttSrfflEftSSnfc*] 
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2 

— K'<s>*&S§icl¥AL-C, f5jy^Xtfs^®^r-*(Of£ 
[0 00 3] 

y >T Xft £ 9 »tt^ > K/wolHlSiSfe^{c:*|-r 

^bbfco, mW) h/v-^tcj: vmfcy* — y 

[0 0 0 4] 

[0 0 0 5] mJEi»*-iSJ*i-6^:«)^, **W<0«fiS; 

focxm.m*—*<oi$Wi&fflffl^zti&<Dmmft^^* 
.«r*mi-6*««tB#«t, WE^a^ixfcm**-^ 

-^#j»^«jcj:S*J»ffi«^*!Ei-S#J»ll8«SC3E* 

[0006] z<om&. mtttf, ffi&ffifeom&te. m 

EW3fe*ik«:*5i2ifctWftltt^^ K/uo[H31bilSt-lS 
*HO*fftt«AS«IEW3E«1ll*«-*+6 

[0 0 0 7] fflE^J: 9«w«J*Lfc*»MJC*>t^Ttt, 

50 w^axt/wjwffiaaEse^a^fflJcj:"?. ^isi^>^ 
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m^<o-mt urn i^*j»««as3e#a* s , *J5£^ 

^fWW^a:o*J»y^^«riiS<iftor. £KJ:9, ffifESJ 
[0 0 0 9] mGIH«Ptt«K9E^ft^J:6ffi«int 

ttjE«^i:5»iEW^r«IS:»J«l-r5o wtU-Jzfttf, ^ 

mcD&ntitnmnmmc ± ^x^=F»m»WJEm^^ k 

[0 0 10] Ztz, MfBM«P«l«KK#ft^J:«M«p|B 

^tc^s^ic^ crista— ^tc*f-rs^i& h/u^ 

hyu^MjEM^^-CSWj^e-^ *r*H»i-5 ^ £ J: 
* — y v^B<k«:ls]iBT?# 6, — SW0>*fT!RlB 
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[0 0 1 1 ] 

[0012] wCoSBj^y— ^f7 y @®J 

7'>i/^^-^l l$r{(itrv>5c y^'V^^-^l 

fcic*>f Kl 3ldT«^T«tt**L^»jftttl 4 1c 
tl5 te&jjtfctti 1 4 KftUB-TSI&S h/i^ LTH3 

-ni ten*, i^e— * i i t^s^^ai-r zit%><D 

20 1 1 0lHlC^lH]fitClCCT7c/2i*o(3t1l<0»*5 2 

[0 0 13] ^^i/u^^e — ^ l l <0I§MES:#J»1-5fc 
S*Tv^^ h*tf*«2 1 , J?L*W-Jfffl5 2 2£t*«* 

MzLiztf-oxmu-rzk k bizMmv <omu\zi,izfc 

30 otfr>t67^ h h^^^tf^ti-5 0 ^L^Jtf^a 
2 211 *ttlE*avi:*Jc«3e+5ig|E-T-05««Ae 

[0014] 2 4 tt, HtJiem^ T 

^ ^m^tld*, I q*H ^7 v'U^^e— ^ 1 1 OlHlg^± 
co^cA^^M^ <9 fcHi-|Hje«*: f^^ LfclHieM^^tc 
fcV^T, fc^&^kffl—Xfa<DdmiRTf^ti\cm&l'ti 
<xm^th*ftlZffc-tZ>b<DX\ rlib^tlld 

«[«: h All LT W»*«at I d*, I q*£rffiIE Lt^t 

^m^t I d*. I q+^r^IE-r^o 

[0015] saiEMiE^ix^idttat^qWiffl^maE i d 
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5 

*, I q*l4*£ » ffl 2 5, 2 6 lcfl«& £ ft,, SI Hffl 2 5 , 

q ttt*aj«st i a, iq&*ti : etim,&-rz>zt\z& 

5HIA Id, A Iq*rtf*L"C\ tt:««»fW»ffl (P I« 
»») 2 7, 2 8CMt5 0 Jfc««#»J»ffl 2 7 f 2 
8f4. I d, AIqt»V*Tfi»l, 2 oSil? 

0HtTf-J:»9, dtt&tfqtM$£tie$ft Id, iq^dttK. 

# q mm^m,m i d*, i q+iciiSM-* * 5 d $a&u< q 

tt*^«EVd* f Vq*S:-t4x^ixlHti-So 
[0 0 16] 

[& 1 ] Vd*=-Kp- A I d+Ki- J A I d dt 
[001 7 ] 

[^2] Vq*=-Kp- A I q + Ki • J A I q dt 

[0 0 1 8] MtGftl. 2 "f OffftKp, Kitt, 

3 2 d»&Jtffl|R£HHMB 2 7, 2 8 JC**t**t»|ft 

*ftW*4 ft*. J8jS««*MJ£«3 l 

T-fc5o r<0J«JS««¥iJJ£»3 l 14, H2K:^i-«fc5ft 
«Jt««£*1-*j8-fti£« OftiKitft) (D^>y^ y X 

1M 7^^co*iiv^U ? ^izIi-r5y7^^^ j e"^ 1 1 

U^^E— * l 1 (iafejfi/N^ hVW 1 2 tilWjL-C 5 

[0 0 19] «*«^»3 2*4, ««Kp£ 
2o1tKpO, Kp1 (KpO>Kp1) SrlBttLTl^Sfc fc fc 
«»Ki£LT»ft52ottKiO, Ki1 (KiO>Ki 
1) frdft Itio 19, rtftflttttlStt 3 1 J: 9 *BO 

$cKp, Ki&LTKpl, Ki1*Jfc««5MW1Wtt2 7, 2 
£ic(4, «RKp, K i t LTKpO, KiOSrlt«a»*J» 

gu2 7, 2 8ic*ft-e*x0W6-r*o 

[0 0 2 0] dttXtfq«l»£«EEVd*, Vq*(4, &=F 
*«IWlijEIHHt»3 3 2fcl5«»*B3 4, 3 5 1c £9, 

dtt&tf q•!lMJE«❖mI£Vd* , , Vq*ic*tIE£*vC2 
«/ 3 3 6i:M$iiSo #^#SJ»ttIE 

fflCfHfffl3 3tt, dtt&t/qttttfflHatld, Iq&t/SI 
C^ftiSawtcS^v^r, dttXtfqttS^WEVd 
*, Vq*<Dtl£><D$$= , Fit£mfflffiiEW.o> ' La- I q, -co- 
Ua+La- Id)«rftlSi-*o ft**. WB>f^ * * 

3 4, 3 514, dttRt/q«»^«fl£Vd* f Vq*^P># 
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fMilEIo-La-Iq, -cu-{*a+La- I d) 

Vd*' = Vd*-a>'La- I q, Vq*' = Vq*+ a> • ( <f> a+ La 
■Id)^3SmLT. 2 *i/ 3 3 6 JCflMfti- 

[0 0 2 1 ] 2tB/3fflffi«aClft«3 6tt, dttl&tfq 
tt*tjE8*WEVd*\ Vq*' Sr3«»*«ffiVu*, Vv 
*, Vw*l:^lT, HaE»Lfc3fi*f^fttEVu*, Vv 
*, Vw*S:PWM«BE»^»3 7«c«ti»-r5 0 PWMS 
10 BE«t«3 7tt, 3tBlt^mJEVu*, Vv*, Vw+lcttJE 
LfcPWMffiJ*9®IE«#UU, VU, WUSr-f >v<— ^0^3 
8{CtB^-r?)o ^^W@B38lt iffiKPWMffiHW 
«£E«#UU, VU, WU^»«;U^3S^aa«BE«*V 
u, vv, Vw^tt, I^M^EIffVu, vv, Vw 

«tyt4i, 4 2j6s»ttbix, *«at-fe>*4 1 , 4 
214, ^i/^*- *1 1 3ttO®K«aEI 
u, I v, lw<0 5^2o^iaBMMfEIu f Iw^tliL 
20 T3fi/2teffi«g»»4 3J;ia*-rSo Z<D3m/2 

n&m&*M4 31^4, 4 4^-cfflia«U3ia«« 

St I u, iw^*<5i^"ClfJI*ixfcBai«j« I vb#M&£ 

jh/TV>£ 0 3*B/2*Bffi«aE»aJ 4 3(4. Ztlt><D3ft 
ttUfilflMKflcIu, IV, I w£r 2 d U&t/ q IA^Hj 

[0 0 2 2] £fc, S^irViM 6 frh<D 2fts</\'* 

it? u*^— ^ i i jcjottsiHite^oss-T-^^-rsftftift 

4 6lc«^f5 0 ^iSS^^4 6(4, 

ftilffia>l4, iEJJiJ: UIsliE-?OE*lRlOlHl(E*:* 

[0 0 2 3] J:fE^^^m^*J^^m(4, >^ 1 

4, 16, 17, 4 1, 4 2&IM *[h]S83 8^: 

Tt«tv^s, *mfe^fSJc*5v^ri4^-Y^ 

h^W^2 1-28, 31—3 7, 4 3 — 46(4, 7 
So LfciSot, #a-feyfl4, 16, 17, 4 1, 
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[0 0 2 4] ±Eo J: 9 l-*fiR LfcSBISIlSJBlli 

^W0l!)jl^'fpyKl3i:6a 

T«\ S*7^hA»W»2 1, ML^tf®gfl2 2& 

T*RTf*:<Dm(D£rm't >-^ffl(c:S<5U^T d tti&tF q tt 
m^-matld*, Iq**:»fi-r5o ^tt, gt^gB2 5, 
2 6 s ifc#J«#ftJ#P^ 2 7, 2 8, 2 *B/ 3 
$153 6, PWM®J£$g£Si5 3 W<— *[hJK3 8 

^ tltyf4 1, 4 2, 3ffl/2*Bffi«aaft«4 3 
XtfStJMlU 4 lc£oT:7^ — K/^y^SiifcdlliStJ 5 
q MttiUttft I d, Iq^ffl^T, nttUSXld, I qtf> 

ffijf^mand*, iq**c«fu<*5«t 5^, -r^*?*?:/ 

W-KSP3 3&t/KKS&3 4, 3 5f3, d, qWfllWS 
7, 2 8^5>^d(ft&t^qttli*aEEVd*, Vq*£ttIE 

[0 0 2 6] ^©ijftt-**!**, Jt«l«a*J»8B 
2 7, 2 8 li, SX«2 5, 2 6^fe<OSS5MiA Id, 
A I q&tf«&3&£*&3 2*>e>0fliftKp, Ki^fflV^c 
±K»l, 2W8*OJIfTi:J:*)s Jf^miEVd*, Vq* 
^rff^-TSo 3 1 Tit *W0>* 

Lfc^oT, «««^«3 2*5ffiESllH-*tJfflStL6« 
&Kp, KiSrit«IB»»J»ffl2 7, 2 8»C^-rSo - 

Kp1, Ki1#«»Kp, Kit IT^tif^^^ ^ 
WO^fTttffi3ft5ffll6ffl«(C«$ftV^#|Cliffl[KpO t K 

iOflS«SKp, Ki^LT«^$tt5o wixb^ttKpl, 
KM, KpO, KiOfS, KpO>Kp1&TJ<KiO>Ki1^|§i 

[0 0 2 7] lf:^oT, *W03fefTttl«dSiBJC:««^ 
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^a«djgHL^:^7^^^^— * 1 1 ia67^ h h 

[0 0 2 8] ±EJR13M6JBffiicfev^T«, ^7' 

(DipC, 3«jS«±0««Sr*»J5fe-r5J:5^LT, ml 

iB»j»y>r 3 a(s»±*w«j *) £<te>JcLTt>j; 

t\, EI2lc«H"C*-rJ:5«cfi(iE«j6««<D 

< *5 J: 5Ki-ixtf J:v\ 
20 [0029] b. m2 HJfeJ^ffi 

IS3»i^lB2|lifi?K«|^«5«»^!7— ^-rr 

[0 0 3 0] roJB2!81fi»«8^*5U^Ttt. ±.&min 
HIS*ttlC*3lt5«»»*«3 2fcB'J»LT, iffilS««tlJ 
3ES5 3 1 jcJ:5*JStt*^#^F»»J«MiEffl[tf»ffl3 3 

l^»<i;5icLr^5 e ^"Fi^ffiffMlEmf JFff 3 3 
te, JB£««nS8B3 1 lc±5fl36JB*^*<5v^r, d 

tt&O^qttffltO^^SJWISjEttw-La- Iq, - a> • U 
30 a+La- I d)SrJtWia5>*6«J»»2 7, 2 8 ri>*>0> dttX. 
t/qttS*«BEVd*. Vq*(c*n*i- 5^5^S:»J»i- 
^>o fe*5, ^60^, ^JWJW2 7, 2 8 IC jolt 
SdttMqiS^tEVd*. Vq*OW-*^*5ft6««C 
Kp, Kitt. -^«)«:*b^3e»"C*>S. 
[0 0 3 1 ] AfrW^tt, *HO*tTttHl3ftS«««*l- 

m-tzm^^n. ft^mmfflffijEmnnu 3 3 <t 5 d 

tt&t^qttffl^*^*»J»*tjE«a>-La- Iq, - a> • ( 0 
a+La- Id)Off®£*!UtLT, M2o^fWJ«i 

MjEH^t roj , r o j icis:^-r5o rtKcj:^, 2te 

40 /3 sais^^as 3 e {cms s n 5 d ^ o 5 q ^ffliEm 

^mJEVd*', Vq*' ft, d^t/qli^tEVd*, V 
q*iC^L<, T1EI&3, 4«ci0a*ixfc 1 b<7>4*5o 
^*5, HBR^tt, fHg[$B3 4, 3 5 \Z £ ZWL&t!imi>* 

[0 0 3 2] 

[^c3] Vd*' = vd*= — Kp-A I d + K i • J A Id dt 
[0 0 3 3] 

[3&4] Vq*' =Vq*=-Kp- A Iq+Ki- J A Iq dt 

[0 0 3 4] — SMOjfetTttlB^iBJEffitt^JB** 
50 ^^icte, *^*»J«4*jEfi«-3i» 3 3 ICT d mRU 
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ql6fflO#T^J^MiEMcu • La- I q, -cu-Ua+La 

J&SH^&SB 3 6 \cmt£ £ ft%> d fa&tf q IAffliEJi<£mEE 
Vd*' , Vq** I*, TIE&5, 6ICJ: 0 *Six^ fc^t* 

[0 0 3 5] 

Vd*' = Vd*— co • La- I q 

= — Kp- Ald+Ki-jAId dt-a>-La- Iq 

[0 0 3 6] 

[*6] 

Vq** = Vq*+ co • (<M+ La- I d) 

= -Kp-A Iq + Ki-J A Iq dt+<o • Ua+ La- Id) 

[0037] r^i^td. z(om2mmmm^^^x 

^J^JfflIEfia>-La- Iq, -co-Ua+La- ld)£-££> 
^F^J^MlE^co- La- I q, - co • (<J>a + La- I d) 

[0 0 3 8) £ r5T\ easiau* roj icia< r 

roj ftm*nmh-tz>te¥<Dmmz.£. v . m^ftefc 

LX#Z>btiZ>ft&Rco K&m&^tsW'&frh 
5o — ^gPWOHtjEfico-La- Iq, -a>-Ua + 
La- I (OOtHU^iSV^Ttt^^^^^*— * 1 1 <£>:£i£ 

iSS»tw*#ttiSSiS:*tr^, ^^*J«*SlEMco • La 
•Iq, -a>- Ua+La- I ii k & 9 * #T#*HW 
ffijEitta)- La- I q, - o> • ( 0 a + La- I d) d tt& 

t/q^ffljE^mffiVd*' . Vq+'^yfy^^jg - t 

[0 0 3 9] rof!2lij&jf21K<-J:*xtf, i£ 

\z&=Ft£fflfflffijEm<o-La- Iq, - co • ( 0 a + La- I d) 

lEdW^U^q ^6^i^^miEVd* , , Vq*' <0^>^>-y 

• I q, -<o- Ua+La- I d) Lfc*3i*s^Fetctt 

*T*»JIBHSiEffiwLa- Iq, - a> • ( <f> a + L a • I d) £ 

*T* (dttRVqttMiEffi^ttatld*, Iq*\ d 
t/q«l*f*ttJEVd*, Vq*) l:^f5/7>'^^-^ 



(6) $$fM? 2001-18822 

1 1 eDii!SttSra»lc-e*6, 

[0 0 4 0] * *3, ±IB»2SM6JKlB*-*5^^-Ctt, Jt« 
«#»JW»2 7, 2 8^jott5^ljPlcfiJ^$tL^^K 

T*J:v\, roi^ JilSSBi j!18«IIB<o««**»3 
2{dT»SS^«»Kp i KiSrJtWai5i'«J»tt2 7, 

2 8(c«»-J*S J: 5»-i-ixtf J:v\ 
70 [0041] c. 3 Hffi^ffi 

[0 0 4 2] ro*3 3Mt»ffiK:fcV*TM:, ±fSmiH 
SSJKffiJC*3itS«»*^»3 2(C«:x:Tj|Rfth^^ajE 
mt9M*7&l&tthtlX&Q* WIW-JIW 4 7 

Iqr$rffm-r6o h/i^ttlEU I qrttiggfflU 

8(C^$tt, I^StSgM 8l^tXftfi«2 4*>b 
20 (O q «bJt^m« I q*a>bmTfEMW) h/i^lfcjEffi I qr«r« 
It6: tlcj; 0 qMfltfHUE I q*^*iiELrS»^2 

2 8^*5tt5 dttat^qttJg^WEVd*. Vq*£>ft^[C 

[0 0 4 3] 8R»h/U^«HS«-»ffl4 7Ji, HUl5*J^ 

tt*^*n^.r. «*ft*«ias4 sfrbomnfk 6RXf3 

ft/ 2 teffiS^aS 4 3^P>COq^a3««C I q^A^ 
H^tb h/u^MiEmi qr^TlS^c7co^»(7)m=?TtCJ: 
V^^(-lis /Rfth/i'^tijEffilqrSr l"0j ^fRfeT 
[0 0 4 4] 

[^C7 ] I qr = Kro- Fo( 0 )/Kt + Kr1 • F 1 ( 0 ) • I q 
/Kt-Kro-Kr1- Fo(0 ) • F1 ( 6 )/Kt 2 
[0 0 4 5] w\mk7*(F> h/W-^«»Kt&t/iR» h/U 

^ffiiEffl[tHf«4 7«^a?)1Btgd Jx"CV^3E?R"efeSo 
^fc, «R» h^^B8*Fo(0), Fl(0)liS»i-<toT 
40 Mid h^^ffiIEitf+^^4 7rtl^Tf-^ 

[0 0 4 6] r<OMtb h^^^IEM I qr(COU^TfB5^(C 

86) lq^ foj <D»^^*5ft5j«» (^^V^h/u 
^) Kro-Fo(0)<?:. q I ql-J: (!> 2/^ 

/uhyu^) Kr1- F1 (0) • I qkfrbteZo ^^X\ ffirfL 
5>Kro-Fo(0), Kr1-F1(0)- Iq^ffi^5ir, MSb h 
/i^ AT (0)iiTte^8Oj: 9(-^^tL5o 
50 [0 0 4 7] 
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[&8] AT(0) = Kro-Fo(0) + Kr1-F1(0)- Iq 
[0 04 8] £i\ =3^V^h^^Kro-Fo(0)(^"r 

5i«icov^%^5^ mt> wi^t mortem 9 

S10 T*^-rm^ I qo£4-;i 5 w^tdJ:t)= ia r>'^h^ 
yKro-Fo{a)^£tt5o 
[0 04 9] 

[SC9] T(0)=Kt- I q+Kro- Fo(0) 
[0 0 5 0] 

[ftl 0]' lqo(0) = I q-Kro-Fo(0)/Kt 
[0 0 5 1] y ^/^/U h/U^KM- F1 (0) • I q£ 

^tSC^m^ ^O^. tti^h^^T(0)*i 
ttllE^^ I qo^rfflV^TTISifc 1 1 co£ o ^^ti6^ 
T\ mffi I qo<Dft£> 9 ^TfS^C 1 2 X^-frnM I ql £^ 

ts: tic £9, ®m*<D&m^m&tj:<ffiW) v^t* 

[0 0 5 2] 

[in] 

T(0)=Kt- Iqo(0)+Kr1-Fl(0)- lqo(0) 
= Kt-Iqo(0)- { 1 +Kr1-F1(0)/Kt} 

[0 0 5 3] 

[S12] 

Iq1(0)= I qo(0)/ {1+Kr1-F1(0)/Kt] 
±?lqo(0)- { 1 -Kr1-Fl(0)/Kt} 

[0 0 5 4] ■t LT % r<7>$Cl 2 CLfiiJlSgfr 1 OtC<i; 9^ 
^tt/*c Iqo(0)£ttA-?-*Ltf. TfS^ l 3^^^tt5o 

[0 0 5 5] 

[mi 3] Iq1(0)= I q-Kro- Fo ( 0 ) /Kt-Kr1 • 
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